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Viscosities of Hitmgen and Hix-t&e of Nitrogen a d  H-gen 
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A b m d  
' 

~ e a s u r c ~ n ~ ~ . a f  tho vikitia of aitrolpn, 80.4% N:~19,6% H: ayetern rnd SI#% w 
rylrtem have been made toithle the CttDr &'about i per cent, using the modifled oscll1atl 
thod, at the following conditions: 
, -mlY* * .  

pure nitrogen 
SO.& N1-19.696 Hj at !W and 100% up to 200 atm, 

31.9% Nj-68.1% Ha at 50% up to 200 atm and at  100°C up tb 106 atm. 

a t  25'. 1W and 15oy: up to 200 atm, 

mnl .' - .  

. From these measurements it was found that (&/aU), is positive while (8?,~/&% ~~ P W  
msively smaller as the temperature increases and that (@?,J/@U), is positive, remains Constant ovef 
the whole densitr ranges within the limits of the experiwental accutacy and is the function of the 
temperature alone. 

The experimental equations for viscosity-density isotherms were derived using the measured vat 
These quations reproduce them withh the expe r ik t a l  aecurqet. 

Calculating from the measured values, It was found that the deviations (Ah)) of the viscoalties'd 
binary mlxtures (q,,,)Jm those (nnrrjnr+nmff) made equal to the molal average of the viscosities , 
of the components'of the mixtue  are independent of the pressure within the experimental accuracf 
over the whole measured ranges and are the function of the temperature and' the concentnth ratlo 
of componentr. ' (Received Dee, 4,1953) 

.. 

' 

* Murnbetrs in the margin indicate pagination i n  the or ig iaa l  foreign text .  



on the viscosit ies of at gas glfxture at high pmsswe. 
asionsl i n  indus t r ia l  amas where gases 
n such is the case, there hsm baen at 

constant;s and t r e a t  the ~~&&um l ike a one eoraponmt gas w 
methods used i n  the past f o r  such systems[s]. Any such app 

can be tested as  w e l l  as t o  establish the limits a9 pmcisim.  

schem axre ~zdtny 
high pressures are atiXia;ed. 
Bo use quasi-crit&cal 

M some accurately known vjlscosity vallles so that the reliabikity of the method 

7 'This paper describes work that is a con%inua%ion of w h a t  was reported 
in the last  paperc It includes the viscosity aeasu rmnt s  of a nitrogen- 
hydrogen system i n  addition t o  thorse on pure nitrogen. 
viscosity measurena%s we= mdts a t  2So, lW*, axid SO" up t o  200 a h  
pmssure!; tb 81.4% Ma-19 & systera measurements were made a t  50°C and 
1QO"C up t o  200 a-h pressurey and measwanents o f  t;fse 31.9% Na-68.1$ & 
systen up to 200 ata at ami up t o  100 atan 8% XWW. 

Measuring Apparatus and Proeedure 

those detailed i n  the previous paper i n  which the method of th oscillating 
disc suspended between widely spaced plates was followed. 

!lhe apparatus and procedure fo r  these measurements were the sane a8 

Twenty continuous oscil lation amplitudes were measured from which the 
avarage,was taken fo r  the logarithmic attenuation r a t io  deteminatisn. The 
t o t a l  time in seconds f o r  2 1  oscillsCions was divided by the number of 
oscillations t o  give the  mean period. The watch used was a 30 second watch 
capable of being read t o  0.02 secondo The pressure gage used was calibrated 
from W300 a h  i n  one a-h intervals. 
which was standardimd with a standard pressure balance. 
readings t o  0.1 akn. 

5 

1% was an 88 large t y p  Boardon gage 
It w a s  capable of 

The. gases used included nitrogen separated frm air ard electm- 

solution, w a t e r ,  concentrated Ma6Q;,, and solid KOH t o  m311c)ve oxygen and 
then thoroughly dried. The nitrogen purified i n  t h h  manner waa 99.6% pure. 

measured results were taken from the data of Wolbron and Cbto[7] and Otto, 
The cmpression rat ios  measured by 

'-- 1y"tically generated hydrogen. Each gas was  passed through ~ , & l - % i , & ~  

The densities necessary for the viscosity calculations from %he 

utersE83 for ni t ro  
ebe a d  GaddlJr[9] were used t o  e ate the densities for the nitroge> 

'r 

i) Apparatus conratant: Measurements were =de with several re- 
placemnts of the oscillating sy~tsrn from which the apparatus constant C 
and the logarithglic attenuation r a t io  2fld, due to the h t e r n a l  friction of 
the suspended line w e r e  established. An example of the type of apparatus 
constant; ob.&ained is shown i n  Table 1, 



e maiuxements were andard xLercosity 
value sary for the caleulatfons were taken data on nitrogen 
marswed by Hichels and &ibson[lOl j u s t  as was done in the preceding paper- 
The appwa-kus aonstanta for the other temperatures were calculated fron the 
Ilisaswed vdue a t  50°C corrected with the coefficient of expansion value of 
ths disc. The, oscil lating system incln&d (1) disc of 0,929 mi thickness, 
28.0 mm dia9lster 
pen~ion (B)3 (3)  disc 09 0.950 mm tMokmms, 27.Pe arm dianwtar (C)r (them 
a m  labebd by -the respective lettars rtn the tables)* 
E A  stainless s b e l  while the ampending vim was a 0.05 mi diaaebr, 182 llwm 
long p l a t i n a  wire* 

(ii) The rsssultss of the aeasmmen%s are shown in Tables 2-4. 
was 110 instance when the var iaw sxceebd O,s$ for the series of 3-4 
repeated &termina%ions of the ZogarithrrtSe attenuation r a t io  made under the 
s m  conditions. A l l  the precautions relattive t o  t h i s  method[&] were ob- 
served, and it was ascertained that these nmeasiarements were besing macle 
under sat isfactmy conditions. 

(2) same as (A] but with a diff@ren% %ype of sus= 

The disos wacrm, =de of 

!bere 
, 

"hB errom were below 1%. 

T b  m a s m m n t s  on nitrogen a t  25% were lllade t o  tes% both the re-- 
l i a b i l i t y  and reproducib~lZty of' this =%hod, a d  the data obtained here 
were compared with the Michels and Gibson[lOl data (Table 2). Them was 
very good agreemnf i n  the two sets of data, .and 42x1.. vali&&y. of the pro- 
cedure used here was Swtbr eertablished. 

"fhe expemntal values wem ex%rapolated t o  one aim, and the 
followiag msCLt8 were obtained, Na a t  1W0@ Q,,,, = 210*@ *lo-" (Kleint [ll] 
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Exp. No. 

N-10 
N-1 1 
N-12 
N-13 
N-14 
N-15 

N-17 

___I 

(100sc) 'L 

88.1 0.07845 
0.05566 
0.03938. 

139.7 0.1211 
109.6 0.0966, 

0.006664 
0.005724 

* 0.00494% 
0.003680 
0.00949r 
0.00890t 
0.00826, 
0.00738, 

9.469 
9.454 
9.444 
9.434 
9.493 
9.483 
9.481 
9.474 

- 9.407 
9.400 

' 9.398 
9.400 
9.404 
9.399 

1. 9.403 
9.401 

9.102 

222.1 
218.6 
216.1 
2124 
2434 
239.0 
2334 
221.4 

. .  . .  
(150°C) 

N-18' 
N-19 
N-20 
N-21 
M-22 
N-23 f 109.5 

86.5 
61.3 
43.6 
20.7 

162.7 
140.0 

181.8 . i 0.0844, 

0.0483, 
0.03468 

0.067% 

0.1064 - 

d 

0.00510;. 

To 1 Tomcur -. 
9.4m * . 
9.472 
9.472 . 
9.473 ' 



N-H-11 20.6 
N-H-12 43.6 
N-H-13 62.5 
N-H-14 109.5 
N-H-15 122.1 
N-H-16 139.3 

, N-H-17 162.4 
Ha-18 196.4 

0.08680 0.00694, 
0.09818 0.00738~ 
0.1130 . 0.00792, 
0.1341 0.00869g 

, 
' , ,., . .  . 
' , ,., . .  . 

9.442 . 9 . m  
9.452 9.411 
9.456 9.40f ' 

9.464 9.402 
9.473 9.408 
9.487 9.417 
9.490 9.415 
9.498 9.416 

9.41 1. 

- 

Table 4. 

. I  

208.6 208.4 
2096 . 2114 
212.8 213.8 
219.1 219.1 
2204 221.1 
225.0 224.g 
2294 228.8 

234.8 

Experimental and calculated data for 319%N2-68.1 % Ha system. , '  

N-H-19 20.3 
p N-H-20 44.5 

N-H-21 70.1 
N-H-22 88.1 

* N-H-23 107.4 
N-H-24 120.8 
N-H-25 138.6 
N-H-26 162.7 
N-H-27 176.5 
N-H-28 189.4 

0.00781, ' 0.002254' 9.329 
0.01694 0.00295, 9.334 
0.02633 0.003506 9.348 
0.03278 0.003860 9348 
0.03952 0.00420a 9.351 
0.04412 0.00441 J 9.354 
0.05011 0.004674 9.357 
0.0579, 0.00500~ 9.356 
0.06238 0.00518~ 9358 

1 0.0664, , 0.00- 9.360 

9.309 
9.307 
9316 
9313 
9313 

9.312 
9.314 
9314 
9.309 * 

9.311 a 

9.311 

161.1 
162.8 
164.1 
166.~ 
1695 1684 
170.8 1694 

I 172.1 1714 
173.1 173.1 

1 175.4 175.1 
, 175.1 1764 



Exanimation of the Measured hsults 

(i) lM.atfon btweea viscosity and pressure* T b  isotherms f o r  the 
relations betmen tb seaswed viscotsi$y valms and gressm aim shewn i n  
f igs.  1 and 2, 

) Relatiam btween viscosity and densityr When the i 
arsrured viscosity WFSUS density relations fer the vari 

ned in t h h  ~ t ' F T d y  are plotted, they d e w r i b  equally spaced 
he range ahe zueasuresen-bs that were m&. 2 3 ~  example for 

the nitrogen systiam is  sbwn in Rg. 3. 

Since the viscosity approaches the PiscosiAy at standard pressurer~~ 
a8 the density  be^^^ mxfficiently mall, it should be possib3.e gmerd2y 
to develop it as a function of tb density p In othsr WQS& 

M - 30 * 4y " b r a  + *.e* 



b 

Fig, 2. Retatton betweea Pressure and Villcosity of Blnaty Mixturn 
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( i i i )  Relation between viacosity agd c 
between.omposition and viscosity a t  fixed teaperatam and pressure is given 
by the folloxing equation. 

n the vitroeosity of a nixed $as is expressed in th9a manner, b ;[n) 
is obviously a function of composition, ~mperatupe, and p r e s s m .  

Next, the cscperimntal results from the preceding section =re wed 
t o  detamiae ths ceffeet of pressure on A 
as:sr;tlllsd that the viscosity mnus denei ty~mlat ions for pure hydrogen given 
befare were valid even for t M s  particular area and we used the Gibson data 
[131 for 2soC up t o  300 ala and the Trautz; and ISws[I.b3 and Sutherland amd 
0. Maaias[lsl data for 50" and 100°C a t  one aka for the cdeulatioas. 

a% 5Q"G and 108OC. 1% wests 
(n9 

.: 5 :"" 
. .  . .. . .  

. . .  .. .... ' * .  I '  4 * 

lines i n  Fig. 4 are the isotherms of t h e  viscosity versus 
ons obtained i n  th5.s manner, The d a h  of Krzsar[l6] fo r  25@, SO", 

and 75°C are given aas the broken liners. I4hil.e uls Husa Urns at $he different 
terrrperatuses a m  equally *aced, tbere is ez 2% precision i n  these values 
f roa which it can be said that  the 

- 
emnt with the ealcula%ed rcssults is 

good 

* The Viscosi%,y values used f o r  the examination of this relation were 
calculated fmm equations [1)-(3) mntioned before while the values for  
hydrsgen were ob%ailletd from the  viscosity-density relation that is  given 
later b 
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Tbe relation between 

9s a function of composition and tamperatwe and is  in&pea&a% of the 

It t h n  becaw possible to coastsuet the isQbars for 

and pmsswe calculated fma afsrementionsd 
It i s 0  seen f roa  these me6LtB ther2; 

(n) 
emrimisntal results a m  given jn. TaUe 6. 

pre Pn2Ur s e a t  least within the confinee of expe 

,B 

P ~ F S U ~ E I  wmpsitim fo r  a two eoqonent system using the T(B 
viscosity and emposition a t 1  a b  azlcz the d s e o s i t y  versus pressure re- 
la t ion  taking into amount the associatad pmcisions. 4 

The abve  data were used t o  construct the igobars for the d s c o s i t y  
versus composition relation a t 1  a b  using the theory ef fIirscMeldsr e t  al., 
[17] and t h e  valubsss were calculated fmm the 1 a b  imb~s?**  It has 
been shown t h a t < t h i s  theory fits vexy w e l l  with data from many investigators, 
and the fig- @horn latar shows a fairly good agreement Mth  the data ob- 
tained by the aathor. Theae h V&RW and the hggh pmsswe vLs@osity 
values f o r  single gams were us@t o construct the isobars a t  !%"C and 1CB"G 
taken a t  50 a h  intemals. di (n)- 
e w e  is placed under the family of isobar8 i n  each figure. 

!J!heik are shown i n  Figs. 5 and 60 "he 

'Rm 1 atm isobar sbm i n  these figures were ebllcrilatsd with the 
Hirschfeldstr theory, and the points masked witha show these ca3miLabd 
points. 
there is agreement t o  w i t h i n  1s b e h e n  the expmimentally mammd valms 
and the isobarilir a t  l ea s t  within the limits of this study-. 

The 8 points are the author's raeasumd valae~. It is seen %hat 

!l%e author  gratefully acknowledges the eontinwl guidance and 
assistance of Professor Ifatmm Torikai thmaghsut t h i s  inveilirtigation. A 
portion of 4W.s research.was funded by tb Scienee Research Fund of the 

try of Edactation. This assistance is gratefully a@ 

3 * Following their prac%ice, the force eonstants (G/K , ro) between l ike 
nolecules m2*$ obtained frora the viscosity and the forcq constants 
between unlike molecules frm the diffusion eoefficicent[17] 



Pig. b. Viscosity lsobPr of nitrogen and bydmgen system 18 a h c t i a n w .  '! 1' ' 

I .  

I ,  
mol fnctba of b y d m  at scrc, . . ' 

1 .. 
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Note t 

Fig. 6. Viscosity isobar of aitmgen and hydrogen system as a f u n c M  of 
mol fraction of hydrogen rt 100°C. 

1 
wa8 re19 
data. 

t, the q/n* - Pr  - T r  CUI”ITB (?* SO= standard .IflSCDSity) 
t o  about Tr(T/Tc) L. 3.0 because of the lack of experimental 

Tbre was no cu r=  which could give reliable values above t h i s  Tro 

Using the experiwntal data noted before and the data on the visocity 
“9 

of hydrogen reported by Gibson and Kuss, tihe 
viscosity a t  standard pressure a t  the respective temperature) were derimd 
following the Comings and Egly procedure, 
temperature l i m i t  was expanded from T r  = 2.80 t o  T r  = 7.25. 

- Pr - T, curve (Yo: 

These were plotted, and the critical 
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It was found that the nitrogen-hydrogen system could be dtlplicabd 
within 1% error of the iso-Tr e r n e s  for the same “f!h0 versus Pr relations. 
There are a0 other data available except the atzthor’s work on a i r  at 1!%*C 
which corn wit?iin the scope represented by this figure, “he val 
this figure come within 1.2% of the measured resul ts  obtained by uthos 

! 
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